Introduction.
In the study of condensed molecular phases, « plastic crystals » are of particular interest. These are orientationally disordered crystals, but with translational order. Such crystalline phases are generally characteristic of globular or highly symmetrical molecules, or of molecules containing mobile groups. In the former case, rotational jumps of the whole molecule, among a set of equilibrium orientations, are often observed. This leads to the apparent (statistical) high symmetry of the crystal. As the temperature is increased, the rate of the jumps also increases, large librations occur and the motion becomes more isotropic. In some cases it is possible to give an adequate description of the molecular motion in terms of the rotational diffusion model. Various experimental techniques are used in the investigation of these phases : in particular Incoherent Quasielastic Neutron Scattering (IQNS). Among the examples of rigid, quasi-spherical molecules investigated with this method, let us mention adamantane [1, 2] and its derivatives [3, 4] , quinuclidine [5] and bicyclo-octane [6, 7] . In contrast, a number of molecules with fairly low symmetry also form plastic phases. This is the case for non-rigid molecules with internal rotational degrees of freedom, as for instance t-butyl cyanide [8] , where methyl groups or whole t-butyl groups rotate. A similar case is encountered with trimethylammonium chloride [9, 10] . More complex cases can also be encountered, as for example succinonitrile [11] [12] [13] [14] where an isomerization mechanism between two gauche and a trans conformers and rotation of the trans isomer as a whole occur simultaneously.
Pivalic acid ( Fig. 1 [18] or CALDER [19] by an earlier radio-active tracer experiment [24] . However, another self-diffusion study have been performed recently [25, 26] . The usually contributes only little to the scattered intensity in the quasielastic region. In that case it can be approximated by a one-phonon expansion using a Debye density of state [11, 12] . However in the case of pivalic acid it will be shown in paper II that this term is of particular importance and cannot be neglected. This term will be evaluated in the following.
The rotational incoherent scattering function, Si' ,r(Q, a)), contains the effects due to the rotational motions of the molecule. The residence time, T, is the mean-time spent between two successive jumps of the proton. Equation (7) assumes that only ± 2 r/N rotations occur. Taking into account the possible existence of rotational angles which are multiple of 2 x/N requires the use of group theory [31, 32] .
It is noteworthy that as a 2 x/N rotation and a -2 x/N rotation have an equal probability to occur, some characteristic times evaluated from (7) are equal, and the corresponding structure factors can be added together.
In figures 2 In the case of trimethyloxosulfonium ion, the quasielastic broadening essentially results from methyl group 1200-reorientations. These were found to play no part in the successive phase transitions [33, 34] . The low temperature phase of pivalic acid is triclinic [15] and the dynamical disorder has to be analysed in terms of undistinguishable equilibrium positions [34] . The first hypothesis assumes that only reorientations of methyl groups are visible in the IN6 range, in the plastic phase, with only a small change at the phase transition. In figure 2 the structure factors are illustrated, in both cases of 120o or 600 jumps of the CH3 groups. Conversely, in the case of t-butyl cyanide [35] and t-butyl halides [37] , [38] it was concluded that the correlation time for methyl rotation was longer than that for t-butyl rotation, in (6) . The value io 1 = 0 corresponding to purely elastic scattering has been added to the others calculated from (7). This would correspond in equation (7) [9, 10] . In figure 3 [27] , [29] that (6) and (8) lead to practically the same results, if the number of jumps N &#x3E; 6 and Qr x. Considering the values of the gyration radius for a proton of a methyl group (rM = 0.989 A), and for the acid proton (rA = 1.10 A), this latter condition is fully satisfied, at least in the Q-range of the instrument (Q 2.6 A-1).
The rotational diffusion constant Dr can be identified with the jump rate i 11 given by (7) We turn now to the analysis of the dynamics of the carboxylic group. Recently IQNS of terephthalic acid [39] together with NMR measurements of ptoluic acid, benzoic acid and several other carboxylic acids [40] [41] [42] [43] [44] , supported a double proton exchange mechanism amongst the minima of a double well potential between oxygen atoms of the 0-H-0 bonds. Conversely, IR analysis of benzoic acid [45] led to the alternative suggestion of 180°-rotations of the entire hydrogen-bonded eight-membered ring.
In figure 4 , the structure factors corresponding to the various models which can be envisaged are illustrated. Their analytic expressions are given in table I, together with those of the related characteristic times.
Simultaneous reorientations of methyl and t-butyl groups.
Let us now turn to the calculation of the scattering function when rotations of the methyl groups and of the whole t-butyl group occur together. We shall use the group-theoretical formalism given by Rigny [31] , and Thibaudier and Volino [32] . The main hypothesis is that the two kinds of rotations about fixed (crystallographic) and mobile (molecular) axes are uncorrelated, i.e. in our case that the probability per-unit-time of any reorientation of the and over all the rotations M. of the class n. g is the order of the group product GB (8) GM. This expression has to be calculated for each type of hydrogen in the molecule. Moreover, an average has to be taken over all the possible initial coordinates r. In our case, when considering 1200-jumps for both methyl and t-butyl motions, this leads to two different expressions of the structure factors depending on the molecular configuration LEM or CALDER (see Fig 1) . Such Calculation of the scattering function when wholemolecule tumbling and intramolecular reorientations occur simultaneously would, in principle, require the extension of the method using group theory [31, 32] to the case of three, dynamically uncorrelated jump Really, referring to the NMR results [21, 22] [46] where A is the polar angle of the t-butyl axis with respect to the [110] lattice direction. 6 is a parameter controlling the width of the distribution.
The EISF of this model is easily obtained. In the case of a powder sample, we get, for one proton [46, 47] Here j,(X) are the usual Bessel functions. R is the distance of the proton, M, to the origin 0 and p is the angle between OM and the t-butyl threefold axis. P,(x) is the Legendre polynomial of order 1.
The Si (6) [48, 49] [50] [51] [52] where 0(t) is the angular displacement and R the distance of the scatterer to the origin around which the oscillation occurs. The symbol [,] denotes the commutator. Indeed, for two given quantal quantities, 0(t) and 0(0), the time correlation functions 0(t) 0(0) &#x3E; and 0(0) 0(t) &#x3E; are not generally equal.
We have [50] The time-dependent behaviour of the angle 0( These models will be applied to the data analysis of experimental measurements in the second part of this paper.
